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慢性阻塞性肺病（chronic obstructive pulmonary disease，COPD）脑结构和功
能的异常在近些年受到了越来越多的研究关注。先前的神经影像学研究已经发现
COPD伴随着白质完整性的损害和灰质的丢失，以及功能连接网络的异常。但是
吸烟和非吸烟 (如慢性肺部炎症) 诱导的 COPD病人脑部形态学和功能的异同，
以及吸烟和感染因素的综合诱导是否加重了脑损害尚不清楚。致病因素和 COPD
病人脑部异常的特征性对应关系仍待进一步的探究。 




我们用清洁级雄性 SD大鼠进行COPD模型的建立，共 90只，体重 230-280g，
随机分成 4个小组，分别为不作任何处理的对照组，吸烟组，呼吸道注入细菌内
毒素（LPS）组，既吸烟又滴入 lps 组。 吸烟组每天三次每次给予 7 支香烟熏
30分钟，连续进行香烟染毒，每个星期向 LPS组和吸烟+ LPS组给予气管内注










































吸烟组 ALFF 显著降低的脑区主要包括双侧纹状体, 左侧苍白球和丘脑。 吸烟





























Growing research concern has been devoted to the central abnormalities in chronic 
obstructive pulmonary disease (COPD) recently. Previous neuroimaging studies have 
demonstrated that COPD accompanied with white matter microstructure damage, grey 
matter (GM) loss, and abnormal functional connectivity. However, differences in 
brain morphology and function between smoking and non-smoking (e.g., chronic 
pulmonary inflammation) induced COPD, and whether these factors could act 
synergistically in brain damage remain unclear. Relationships between etiological 
factors and COPD brain abnormalities need to be further defined. 
   The aim of the present study is to investigate the similarities and differences in 
GM volume and spontaneous neural activity under different inducing conditions 
(smoking and respiratory inflammation) of COPD rat models. We also keen on 
exploring whether these two factors could affect interactly on the brain.  
We included 90 Sprague-dawley rats (body weight ranging from 230 to 280g) to 
build the COPD models which were then subdivided into four groups, i.e., control, 
smoking, bacterial endotoxin (here lipopolysaccharide was used; lps), and both 
smoking and lps treated groups. Specifically, the smoking and combined smoking and 
lps groups were given 7 cigarettes each time, and three times a day, persisting 4 
months; the lps and combined smoking and lps groups were injected 200ul lps 
(1mg/ml) into post-bronchus once a week, and continued for 8 weeks. T2-weighted 
and resting-state functional MR images were collected from the remaining 79 rats 
which have been verified as clinically significant COPD according to the spirometry 
and histopathologic change. DARTEL voxel-based morphometry was employed to 
obtain regional GM differences between the four groups. ALFF was used to measure 
regional brain spontaneous activity. In global brain analysis, we only found total GM 
volume in lps group was significantly decreased when compared to controls, and total 
CSF volume was significantly increased. In VBM analysis, compared to controls, 
















cortex, striatum, piriform nucleus, cingulate cortex, amygdale, septofimbrial nucleus, 
substantia nigra pars reticulate in lps COPD rats, and in olfactory nucleus, amygdala, 
cingulate cortex, septofimbrial nucleus of the rats in smoking group, and in olfactory 
nucleus, septofimbrial nucleus, piriform nucleus, striatum, amygdala, prelimbic and 
cingulate cortex in combined smoking and lps group. Relative to lps induced, 
smoking induced COPD rats shown significantly higher GM volume in left insular 
cortex, motor cortex and substantia nigra. Lps group had more sever grey matter loss 
in substantia nigra when compared to the combined smoking and lps group. In ALFF 
analysis, compared to controls, lps induced COPD rats shown significantly decreased 
ALFF in right striatum, hippocampus and globus pallidus; smoking group with only 
hippocampus revealed; combined smoking and lps group shown reduced ALFF in 
bilateral striatum, globus pallidus, hippocampus and thalamus. ALFF values in 
hippocampus and right striatum were significantly lower in lps group when compared 
to smoking group. Combined smoking and lps group shown significantly reduced 
ALFF in bilateral striatum, left globus pallidus and thalamus when compared to 
smoking group, and decreases of ALFF values in pontine nucleus, thalamus and left 
striatum were found when compared to lps group. 
The results observed in the present study indicate that: (1) smoking and lps act 
synergistically on the suppression of brain spontaneous activity, while do not act 
synergistically on COPD GM loss. (2) Abnormalities in nigrostriatum structure and 
function may underlie the prevalent COPD depression, however, the mechanisms for 
smoking, lps, and combined smoking and lps may be distinct. (3) GM loss and 
abnormal neural activity in caudate nucleus may be associated with the visuospatial 
deficits in COPD. Separately analyzed the impact of different risk factors on brain 
could yield new insights into the neurologic mechanisms underlying mental disorders 
that are accompanied in COPD patients, paving the way for future neural protection 
strategy. 


















ALFF amplitude of low frequency fluctuation 低频振幅 
BOLD blood oxygen level dependent                   血氧水平依赖 
COPD 
DICOM 
chronic obstructive pulmonary disease   
Digital Imaging and Communication in Medicine 
慢性阻塞性肺病 
医学数字图像通讯标准格式  
FWHM full width at half maximum   半高全宽 
FEV0.3 forced expiratory volume in one point three second    0.3秒用力呼气容积 







SPM statistical parameter mapping    参数统计图 
REST resting state functional MR imaging toolkit 静息态功能磁共振成像工具包 
VBM voxel-based morphlometry 基于体素的形态学测量 
Reho regional homologous 局部同源性 
TNF-α tumor necrosis factor-α     肿瘤坏死因子-α   
FSL 
lps 




DARTEL Diffeomorphic anatomical registration through 







































中国 40岁以上的居民 COPD患病率高达 8.2%，每年有 50万-110万人因 COPD
致残, 死亡超过 10万例。在主要致死性疾病排名中，其在城市是第 4位，在农
村是第 1位 (徐永健，2007)。在美国据WHO估计, 在未来几年中, COPD将取
代肺结核和呼吸道感染成为呼吸系统疾病中致死和致残的第一大原因，居所有疾
















3位，这与心脏疾病及中风的死亡率不断下降的趋势成了强烈的对比 (Murray et 
al, 1997) (见图 1.1.1.1)。目前，在 COPD病因、发病机理、治疗和护理方面都
得到了广泛的研究，在 PubMed数据库里每年都有约 10000篇的相关研究论文发
表。Global Initiative for Chronic Obstructive Lung Disease (GOLD)对 COPD的严重
程度进行了分级 (轻度，中度 IIA，中度 IIA，重度)，这个 4级制分类法是基于
呼吸量测定法，即 1秒用力呼吸预计值 (FEV1 predicted) 来进行分类 (Pauwels 
et al, 2001) (见图 1.1.1.2)。 
近年来越来越多的研究显示COPD同时伴随着多种的肺外并发症，并逐渐得到
了广泛的重视 (Barnes, 2010)。神经系统研究发现，COPD患者伴有多种形式的认
知能力损害 (Antonelli Incalzi et al, 2003; Dodd et al, 2010) 和严重的睡眠障碍 
(Fleetham et al, 1982)。COPD伴有的抑郁和/或焦虑症约有40%，远高于心血管病、
肿瘤和其它慢性疾病 (van et al, 1999; Hynninen et al, 2005)。这些中枢神经系统症
状导致了COPD患者的日常生活能力严重下降，并与病情高度相关，已成为COPD




病也将不可避免地加重脑组织的损害 (Lahousse et al, 2013)。视觉空间能力，语
言记忆能力，执行功能是报道最多的受损害的认知功能 (Dodd et al, 2010)。值得
注意的是过去研究发现，在特定的COPD人群中，视觉空间建立能力能够预测死亡
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